The  fruitful,  tangled  trees  of 
knowledge 

The  world's  telephone  systems  are  quickly  being  overgrown  by  the  data  net- 
works springing  up  within  and  around  them 


ONE  day  telecom  companies  will  earn 
more  money  carrying  data  from  chip 
to  chip  than  by  carrying  voices  from  tele- 
phone to  telephone.  But  by  then— quite  pos- 
sibly before  the  turn  of  the  century— the 
telecom  companies  will  also  have  lost  their 
supremacy  in  communications.  Networks 
owned  by  companies,  universities*  govern- 
ments and  housing  co-operatives  will  pro- 
vide crucial  links  in  shipping  information 
across  campuses,  cities  and  continents.  The 
reason  is  that  computers  pass  information 
to  and  fro  at  rates  that  would  dizzy  the  most 
talkative  telephone  user.  Making  the  most 
of  this  loquaciousness  requires  a  new  world 
of  networks,  ranging  in  size  from  a  tangle  of 
cables  joining  a  laboratory's  workstations  to 
a  satellite  system  linking  a  multinational's 
laptops. 

The  new  networks  provide  magnificent 
opportunities  for  innovation.  For  the  most 
part,  they  will  be  public  thoroughfares;  they 
are  being  built,  however,  not  by  govern- 
ments^ but  by  many  different  companies 
and  individuals,  seeking  to  serve  first  their 
own  needs,  then  the  needs  of  others.  In  this 
the  networks  are  more  Iike-earry-vl9th-cen- 
__  tury  railway  systems  than  they  are  like 
roads— though  neither  analogy  does  justice 
to  the  task  that  the  builders  ofthis  new  infra- 
structure face. 

The  sheer  diversity  of  the  networks  now 
being  developed  makes  it  hard  to  see  what 
the  finished  system  will  look  like.  Such  fore- 


sight is  made  even  harder  by  the  fact  that, 
while  data  networks  and  telephone  net- 
works are  intertwined,  data-networkers 
think  of  the  task  of  communication  in  a  fun- 
damentally different  way  from  their  col- 
leagues in  the  traditional  world  of  tele- 
phones. Both  need  links  between  places- 
wires,  fibre-opticcables  or  radio  waves.  But 
the  way  they  use  those  links  differs  pro- 
foundly and,  as  yet,  irreconcilably.  

Pipes  and  packets 

People  running  telephone  networks  think 
of  communication  in  terms  of  channels  and 
connections.  They  see  their  job  as  creating  a 
channel  between  two  machines,  a  pipe 
through  which  a  steady  stream  of  informa- 
tion  can  flow.  To  make  money,  companies 
charge  for  a  pipe  according  to  its  length,  the 
amount  of  information  it  can  carry  (its 
width)  and  the  time  it  stays  open. 

Digital  information,  though,  does  not 
travel  in  steady  streams.  It  travels  in  "pack- 
ets"—more  like  bits  of  freight  being  shipped 
across  country  than  water  flowing  through 
pipes.  Think  of  a  message  as  a  large  struc- 
ture— London  Bridge,  say— that  has  to  be 
moved-from  A-ta  b. -First  it  must  be- broken 
down  into  movable  pieces.  Since  all  the 
pieces  will  be  shipped  separately— and  pos- 
sibly by  different  routes— each  needs  a  bill 
of  lading  to  say  what  it  is  and  where  it 
should  go.  The  packets  sent  through  a  data 
network  also  carry  such  bills,  as  well  as  "er- 


ror-correcting codes"  that  enable  the  recipi- 
ent to  see  if  the  data  have  been  damaged  in 
transmission.  All  this  makes  things  quite 
complicated— much  more  so  than  just  let- 
ting the  data  flow  down  a  pipe.  But  com- 
plexity does  not  matter,  as  long  as  there  are 
computers  to  deal  with  it  and  keep  it  out  of 
sight. 

The  data  networks'  hidden  complexity 
gives  them  great  flexibility.  The  size  and 
shape  of  a  data  network  are  easily  changed, 
more  or  less  at  will.  Any  computer  added  to 
the  system  can  help  to  manage  the  flow  of 
messages,  passing  packets  on  towards  their 
destination  by  reading  their  bills  of  lading. 
Packets  can  be  sent  on  their  way  by  which- 
ever route  seems  best  to  the  computers  in- 
volved. And  they  need  not  arrive  in  the  or- 
der they  are  sent.  Networks  can  be  designed 
so  that  the  receiving  computer  will  take 
responsibility  for  reshuffling  the  packets 
into  order,  asking  that  garbled  packets  be 
sent  again  and  generally  making  up  for  any 
deficiencies  along  the  lines. 

Systems  which  can  adapt  themselves  so 
well  to  their  circumstances  do  not  conform 
to  a  single  model.  The  structure  of  a network 
is  limited  only  by  its  technology,  its  purpose 
and  its  history— which  is  often  chequered. 
Most  networks  are  patchworks,  made  from 
available  telephone  services  supplemented 
by  bespoke  data-links.  Consider  a  few 
examples. 

Internet  is  the  world's  biggest  computer 
network.  It  links  several  million  people 
(mostly  academics  and  researchers)  around 
the  world  through  more  than  750,000 
"hosts".  Individual  computers  are  nor- 
mally linked  to  a  host  by  small  "local-area 
networks'',  which  use  wires  owned  and  op- 
erated by  universities,  companies  or  what- 
ever; Hosts  are  linked  toeach  athervia  long? 
distance,  high-capacity  lines  leased  from 
telephone  companies.  Because  each  host  is 
itself  a  powerful  computer,  it  can  keep  corr- 
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stanttrack^ff  what  oth^hosts 
it  is  connected  to  and  how 
busy  the  connections  seem  to 
be  and  then  route  packets  ac- 
cordingly. Network  manage- 
ment ^distributed  between 

the  hosts.  , 
Theiaekofany  centralised 

management  is  so  complete 
thatnobodyreallyknowshow 
manv  hosts  there  atcm  Inter- 
net. Every  three  months  or  so, 
a  computer  at  Stanford  Re- 
search Institute  asks  all  the 
hosts  that  can  hear  it  to  speak 

tm  and  tell  Stanford  their 
nami  Every  time  it  receives  20-30%  more 
?S  than  it  did  the  time  before.  Recently, 
many  of  me  new  voices  have  come  from 

delivery  lorries  in  Amenca  will  be dinked to 
it  v I  mobile  telephones.  Built  with  thehelp 
5 XSmai cellular-communications 

SESbeAmerica'sfirstnationalmo- 

bile  data  network.  ticpneT 
For  the  freer  of  spirit  there  is  USENET 
an  international  network  linking  millions 
of  people  without  any  centra  guidar ce .at 
a  1  Usenet  provides  electronic  mail  and  a 
SriS  of  "newsgroups"  where  networkers 
can  debate  politics,  technology,  sex  or  any 


ir«j  nnmanafSeabry  complicated  as  mey 
^SS^  advanced-  But  saence 
S  engineering  will  not  be  enough  by 
themselves.  New  commeraal  and  regula- 

vantage  of  ever  bigger  networks.  These  are 
evolving  much  more  slowly. 

The  seven-fold  way 

dnvprnedbv  accepted  standards.  At  present 
SSSSorks  is  guided  byasortof 

The  osi  model  says  how  data,  in  their  van 
reforms  shouldlookwithm  a  network. 
°  IX  lowest  of  the  seven  levels  are  stan- 
dard Sr  sending  the  Is  and  0s ** :»*eup 
digital  data  across  various  media  (copper 
2s  Sre-optic  cables,  radio  waves  or 
wSever).  Next  are  standards  that  say  how 
£ "  and  OS  should  look  when  group  d 


spreadsheets  and  researchers 
pool  data.  The  Yankee  Group, 
aBoston  firm  that  watches  the 
market  for  infiwnanon 
nology,  estimates  that  by  1993 
four-fifths  of  America's  white- 
collar  workers  will  use  com- 
puters linked  to  local-area 
networks.  The  flow  of  data 
over  these  networks,  it  be- 
lieves, is  growing  by  about  a 
third  eachyear,  and  may  soon 
grow  faster.  Within  a  year  or 
so,newchips  (from  Advanced 
Micro  Devices,  among  others) 
may  bring  down  the  pnce  of 
the  computer  hardware  that  puts  data  into 
nackeS  much  that  it  will  be  standard  on 
molf  Sonal  computers,  just  as  it  is  al- 

Larger  networks  are  born  when  tee 

S^SSS^^^  St»=^embled 


neworks  tend  to  grow  exponentially.  With 
rhTaddition  of  each  new  local-area  net- 

network  provides  more  people  to  ta  k  ta  At 
the  same  time  the  costs  of  joining  fall.  New 
£meTar?more  likely  to  find  a  nearby  part 
nfEetwork  to  connect  themselves  to.  im- 

°p  oveS  technology  and  accumu^ted  * 
perience  in  forging  new  links  also  mean 
mat  costs  fall  as  networks  grow. 

There  are,  of  course,  limits  to  tnis 
dm2  one  i  the  number  of  people  who 
£3f  w5  to  join;  eventually  a  network 
SvSg  a  community  will  saturate s  it .and 
grownomore.  Another  is  complexity r.Anet- 

S  will,  at  some  PO^f™*^  £. 
nologv  that  manages  it.  Absorbing  new  us 
ers  and  smaller  networks  will  increasingly 
ers  anu  siiiai       _  lu^^otr^pynansion 


nther  common  interest,  lujum  nA  smaller  networKs  wm  -o-^ 

a^ounTeddoistofindamemberwhowill  ™e^truggiei  and  the  cost  of  expansion 

Sard  messages  to  your  machine-and  be  cornea  jjj^  ^ 

r  j  m,i Unrf  news  to  others.        win  ;   i„t:„Qi„mnfW  size.  Internet, 


forward  messages  ^ 
?g™e  to  forward  mail  and  news  to  others. 

Mawourwebs  always  fuse 

Governments  on  both  sides  of jhe :  Atlantic 
have  looked  on  these  networks  and  seen 

ica's  government  has  promised  to  speno  a 

fo?  research  on  1*^  ^ 
outing  on  expanding  Internet  into  a  fester 
more  far-reaching  "National  Research  and 
Education  Network".  The  European  Gom- 

Xfon  is  talking  ^^^A 
tious  "European  Nervous  System  ,  lining 
gowrnmentsand  resear  ch, estabhshmer^ 
Grand  ideas,  unlikely  to  do  much  harm. 

Howevef  data-networking  has  grown  most 
SoSy  from  the  bottom  up,  rather  than 

high-speed  data  highways,  but  the  local 
aS  nSrks  that  compames  and  labora- 
tories  built  so  workers   could  share 


become  a  struggle,  anu  mc  ^  ctnnnpd 
will  rise  inexorably,  bitnet  has  stopped 
growing  at  a  relatively  modest  size.  Internet, 
in  contrast,  is  still  snow-balling. 
1  Ctechnologytostopnetworksbecom- 
Seven  views  of  the  same  thing 

format  on  screen 
Encryption 


Application 
Presentation 
Session  


Transport 
Network 
Data  link 
Physical 


f    i — i  " ""  I  1  i 


fi^themtty^tyofdata^a^talbne 
to  the  flow  of  words  on  a  page.  What  is  reai 
to  maSes  is  at  one  end,  what  is  useful  to 

abcS  how  to  do  things  while  agreeing 

dio  waves  and  putting  it  on  to  a  fibre-optic 
s^tern  that  works  with  a  ««Pggdrffi£ 
ent  sort  of  packet.  The  osi  tags  ler fce  com 
puter  convert  the  radio-wave  dots  and 
Sashes  into  packets,  put 
order  and,  going  «P 

construct  the  text  of  the  ™&™l™2lds 
Then  using  the  second  networks  methods, 

coded  light  flashing  towards  some  distani 

maTheosi  standard  has  bridged  the  gap 
between  networks  based  on  different  com 

Ac  a  result,  a  vast,  interconnected  matrix  o 
networks  has  grown  at  gw 
speed.  The  standard  has  ha 

connects  V  it  ^  et 

Sequence  packets  abled  the  web  ' 

Route  packets 


Error  correction 


Direction  oi 
transmission 


converted  to  bife:^^bacic^m______  ■ 
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keep  pace  with  advances  in  communica- 
tions technology. 

Thefester  data  move,  the  more  networks 
can  do.  Straightforward  transmission  of  a 
human  voice  means  sending  60*000  or  so 
bits  of  data  a  second.  An  A4  page  of  text  rep- 
resents about  100,000  brtsxrf  data;  a  photo- 
graph about  10m.  A  cinema-quality  film  re- 
quiresatransmission  rate  of  20m-100m  bits 
a  second.  That  is  the  sort  of  rate  at  which 
supercomputers  can  have  meaningful  con- 
versations, and  the  true  potential  of 
networking  can  be  realised.  Happily,  fibre- 
optic  cables  (though  not  iriuch  else)  can 
move  data  around  atsuch  frightening  rates; 
making  use  of  such  spates,  though,  has  its 
problems. 

The  walls  come  tumbling  down 

In  America,  supercomputers  linked  by  the 
fastest  parts  of  Internet  can  communicate  at 
a  theoretical  45m  bits  a  second.  Although  in- 
efficiencies mean  this  rate  is  not  quite 
reached  in  practice,  the  network's  speed  is 
already  comparable  to  the  20m-80m  bits  a 
second  at  which  data  typically  move  about 
within  a  single  computer.  That  allows  a 
strange  transformation  to  take  place.  When 
computers  talk  together  on  a  network  at  the 
same  speed  as  the  component  parts  of  a  sin- 
gle computer  talk  to  each  other,  the  comput- 
ers start  to  merge.  Computers  in  such  a  net- 
work find,  in  effect,  that  they  share  in  the 
power  of  all  those  to  which  they  are  linked. 

Scientists  talk  of  using  such  high- 
powered  networks  as  "virtual  laboratories", 
in  which  they  can  work  on  horrendously 
complicated  problems  with  far-flung  col- 
leagues as  though  separated  by  no  more 
than  a  laboratory  bench  and  a  white  coat. 
Visitors  to  siggraph,  a  computer-graphics 
conference  to  be  held  in  Chicago  in  July, 
will  get  a  feel  for  this.  The  National  Centre 
for  Supercomputer  Applications  at  the  Uni- 
versity of  Illinois  is  going  to  demonstrate 
blanca,  its  "gigabit  testbed". 

'  blanca  will  link  supercomputers  in 
central  Illinois  to  workstations  on  the  con- 
vention floor  over  fibre-optic  cable  trans- 
mitting at  about  600m  bits  a  second— just 
over  half  a  gigabit.  From  the  workstations, 
visitors  will  be  able  to  peer  about  within  a 
computer-simulated  thunderstorm,  created 
by  weather-modelling  software.  Or  they  will 
be  able  to  poke  about  insidea  three-dimen- 
sional model  of  a  dog's  heart,  animated  by 
supercomputer  to  beat  and  move  just  as  it 
does  within  the  dog's  body-Or  they  will  be 
able  to  tinker  with  molecular  reactions— 
again  using  the  supercomputer,  this  time  to 
make  the  invisible  not  only  visible  but  also 
manipulable— using  mathematical  models 
based  on  quantum  mechanics. 

Later  this  decade  a  new  technology 
called  "asynchronous  transfer  mode" 
(atm)  may  bring  such  capabilities  to  a 
broader  audience,  which  will  undoubtedly 
find  more  practical  uses  for  it.  At  the  mo- 


ment, high-speed  flows  of  data  are  hobbled 
by  slow  switches  at  each  end.  The  faster  the 
flow,  the  less  time  each  computer  in  the  net- 
work is  granted  to  decide  where  a  packet 
should  go.  atm  networks  allow  that  deci- 
sion to  be  made  faster  by  giving  the  com- 
puter less  to  think  about.  Unlike  today's 
packets,  which  come  in  a  variety  of  different 
sizes  even  within  each  standard,  atm  pack- 
ets are  based  on  a  "cell"  of  standard  length. 
The  computer  no  longer  has  to  think  about 
where  the  end  of  each  packet  might  be, 
which  saves  valuable  nanoseconds. 

In  addition  to  the  destination  of  the 
data,  each  packet  might  contain  some  indi- 
cation of  their  urgency.  Thus  packets  repre- 
senting parts  of  a  videoconference  could  be 
hastened  along  to  ensure  a  smooth  picture, 
while  data  being  dumped  in  a  spreadsheet 


file  on  someone's  desk  could  be  held  up  for 
a  few  milliseconds  if  communications  ca- 
pacity was  in  short  supply. 

Lawrence  Roberts,  one  of  the  creators  of 
Internet,  has  founded  a  company  called 
NetExpress  which  is  building  big  atm 
switches  in  a  partnership  with  dsc  Com- 
munications, an  American  telecoms  firm. 
He  hopes  to  begin  selling  his  wares  to  tele- 
phone companies  in  about  1995.  He  reckons 
that  telephone  companies  might  by  2000  or 
so  be  offering  the  public  data-networking 
services  capable  of  transmitting  at  about  the 
same  rate  as  blanca.  And  atm  can  also  be 
applied  on  more  modest  scales— even  down 
to  that  of  the  individual  computer.  At  the 
University  of  Cambridge's  Computer  Lab- 
oratory, among  other  places,  researchers  are 
experimenting  with  atm  to -move  data 
within  as  well  as  between  computers— 
though  that  distinction  may  not  mean 
much  in  the  high-speed-network  future. 

More  than  human 

With  Mr  Roberts  and  his  fellow  engineers 
creating  the  capacity  to  flood  computers 
with  data,  software  engineers  are  trying  to 
stop  the  poor  things  from  being  swamped, 
and  from  suffering  identity  crises.  An  un- 
prepared computer  thrown  into  a  network 
where  data  are  shared,  boundaries  blurred 
and  resources  likely  to  be  called  on  by 


strangers  at  a  moment's  notice  would  be  as 
disconcerted  as  a  hermit  dumped  in  a 
crowd  of  teiepaths.  And  not  only  do  thesoft- 
ware  engineers  have  to  keep  the  computers 
sane,  they  also  have  to  make  them  simple 
enough  for  peopieto  use 

This  last  job  is  best  done  by  allowing  the 
user  to  ignore  the  network  he  is  using,  and  to 
deal  with  it  as  if  it  were  a  single  machine. 
Such  deception  depends,  in  part,  on  the  net- 
work file  system.  This  enables  computers  to 
peruse  datairam  alLovertheiietworkas  if 
they  were  sitting  on  the  computer's  own 
disk  drive.  Also,  "remote-procedure-call" 
technologies  allow  a  program  on  one  com- 
puter to  co-operate  with  another  on  the 
other  side  of  the  network  as  if  they  were  run- 
ning on  the  same  machine.  Both  techniques 
enable  the  computers  to  know  what  they  are 
doing  to  whom,  and  who  is  doing  what  to 
them,  thus  keeping  things  straight. 

Networks  are  tools  to  let  users,  as  well  as 
machines,  communicate.  A  coming  attrac- 
tion is  multimedia  mail— electronic  mail 
that  contains  recorded  video  and  sound  as 
well  as  text.  Sun,  maker  of  the  market-lead- 
ing network  file  system,  is  offering  this  on  its 
new  workstations.  Apple  and  Microsoft 
promise  something  similar  for  networks  of 
personal  computers  soon.  It  is  easy  to  de- 
velop because  of  the  osi  standard,  which 
dictates  that  a  packet  carrying  text  be  trans- 
mitted exactly  like  one  carrying  video.  Mul- 
timedia messages  are  just  like  any  other,  ex- 
cept bigger. 

Networks  also  allow  vast  amounts  of 
data  to  be  searched.  Brewster  Kahne  at 
Thinking  Machines,  a  computer  company 
in  Cambridge,  Massachusetts,  is  trying  to 
build  a  "Wide-Area  Information  Service". 
By  creating  standards  for  describing  the  in- 
formation a  particular  computer  offers,  and 
for  queries  about  that  information,  it 
should  allow  a  student  to  search  databases 
around  the  world  as  easily  as  he  could 
search  a  computer  at  his  local  library.  Re- 
searchers at  cern  in  Geneva  are  trying  to 
build  a  similar  service,- which-  they  call 
World-Wide  Web  (or  w3),  drawing  on  their 
experience  in  helping  physicists  find  their 
way  around  the  mountains  of  data  pro- 
duced by  cern's  accelerators. 

Meanwhile  other  researchers  are  work- 
ing on  systems  that  allow  one  network  to 
find  out  what  another  offers.  Then  they 
could  know  the  answers  to  questions  that 
users  might  ask.  Examples:  "Does  that  net- 
work have  machines  that  can  display 
video?";  or  "  Is  Marcel  Dupont  on  this  net- 
work?" Onepopular  approach,  led  by  a  con- 
sortium of  computer  companies  called  the 
QbjectManagernentGroupris  to  useafash- 
ionable  technique called objedroriented 
programming.  The  idea  is  to  make  every- 
thing—every  piece  of  hardware,  every  pro- 
gram, every  definable  sub-routine.  &msr 
cache  of  data,  everything— on  the  network 
capable  of  sending,  or  responding  to,  a  cer- 
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tain  set  of  messages.  Thehard  part  is^to  de- 
cide what  this  universally  understandable 
setofmessagesoughttoconsistof. 

A  complementary  approach  is  beingde- 
veloped  by  a  small  British  company  calkd 
Architecture  Projects-Managememlunder 
contract  to  manv  of  the  same  companies 
that  make  up  the  omg).  It  is  to  build  into 
each  network  a  "trader"  that  can  advertise 
its  capabilities  roomer  networks,  and  man- 
age-its  own  use  of  the  other  networks1  simi- 
larly advertised  services.  With  such  capabil- 
ities, networks  can  form  little  automated 
economies,  buying  and  selling  disk  space, 
computing  power  and  other  services  from 
each  other-within  limits  set  by  their  hu- 
.  man  masters.  Experiments,  most  notably 
those  at  Xerox  parc  and  Stanford,  suggest 
that  such  markets  may  be  the  best  way  to 
manage    the    explosion    of  network 
capabilities. 


Trust  me 

The  vision  emerging  from  the  research  lab- 
oratories is  one  of  computers  sharing  work 
and  data,  unhindered  by  the  constraints  ot 
space.  By  co-operating  intimately  they  will 
provide  services  none  could  offer  on  its 
own.  Back  in  the  real  world,  however,  two 
practical  considerations  mar  this  vision: 
money  and  security.  People  will  want  to  be 
sure  that  their  machine  is  sharing  its  secrets 
with  friends  rather  than  enemies.  Those 
providing  data  networks  will  want  to  be 
paid  for  their  services-as  will,  most  likely, 
those  whose  computers  use  the  networks 
and  thereby  end  up  providing  services  tor 

others.  , 

Security  is  an  especially  frustrating  ob- 
stacle in  the  path  to  network  growth.  Tech- 
niques for  so-called  public-key  cryptogra- 
phy offer  relatively  easy-to-use  ways  ot 
creating  nearly  unbreakable  codes  to  pro- 
tect data,  and  nearly  unforgeable  "digital 
signatures"  to  show  that  a  document  pur- 
porting to  come  from  John  Hancock  really 
does.  One  of  the  better  public-key  cryptogra- 
phy techniques  has  been  patented  by  a 
small  Silicon  Valley  firm  called  rsa  Data 
Security  and  licensed  by  a  host  of  computer 
companies  sucn  as  Sun,  Apple,  Microsoft 
and  dec.  But  America's  government,  which 
could  do  much  to  establish  the  necessary 
standards  for  data-security  technology, 
seems  unwilling  to  endorse  this  technol- 
ogy—or  any  other. 

The  federal  government  has  repeatedly 
delayed  the  choice  of  a  public-key  cryptog- 
raphy system  for  its  own  use  (which  would 
create-a  defacto  national  standard).  It  also 
bans  the  export  of  most  data-security  soft- 
ware and±ardware-which  means  that  in- 
ternational networks  cannot  use  systems 
like  rsa.  This  may  stop  tbreign  govern- 
ments using  American  technology  to  put 
their  communications  beyond  the  reach  ot 
American  spies,  but  it  also  prevents  multi- 
national companies  from  using  encryption 
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to  improve  thek  datanetworks.Meanwhile, 
at  home,  agentsfrom  the  Federal  Bureau  of 
Investigation  have  been  skulking  ^bout 
Congress  trying  to  insert  a  "nght-to^ap 
amendment  into  various  communications 
bills,  which  would:  ban  criminals  from 
unbreakablv  encoding  evidence  of  their 
malfeasance.  Where  does  that  leave  the  fifth 
amendment? 

Confusion  over  technology,  however, 
palesbeside  the  greater  confusion  overhow 
to  make  a  business  of  networking.  Most 
data-workers  would  agree  that  their  present 
arrangements  with  telephone  companies 
are  unsatisfactory.  The  leased  lines  that  pro- 
vide the  long-distance  backbones  of  their 
services  are  inflexible  and  expensive-par- 
ticulariy  in  Europe,  where  lack  of  compe- 
tition means  that  leased  lines  cost  up  to  ten 
times  more  than  they  do  America.  Worse, 
because  data  traffic  is  so  "bursty",  data- 
networkers  have  to  support  leased  lines  that 
work,  on  average,  at  only  1-3%  of  capacity. 

Data-networkers  would  like  to  buy  more 
suitable  services  from  the  telephone  compa- 
nies. Telephone  companies,  tied  to  the  tra- 
ditions of  voice  service,  have  failed,  by  and 
large,  to  offer  those  services.  There  are  some 
encouraging  signs  of  innovation,  especially 
in  America,  us  West,  a  regional  telecom 
company,  is  conducting  an  experiment  in 
which  firms  create  local-area  networks  by 
olugging   computers    into  wall-sockets 
owned  and  operated  by  us  West  rather  than 
buying  their  own  equipment.  Other  compa- 
nies are  offering  new  services  to  carry  data 
in  bulk  more  cheaply  and  flexibly;  one  such 
is  isdn  (integrated  services  digital  net- 
works), which  provides  digital  lines  capable 
of  transmitting  up  to  2m  bits  a  second.  It  is 
still  expensive  and  often  unavailable, 
though,  and  its  speed,  now  impressive, 
could  seem  a  bit  sluggish  by  the  time  it  be- 


comes widespread. 

It  is  on  the  basis  of  such  services  mar 
American  telephone  companies  think  they 
can   increase   the   money  their  data- 
networking  services  earn,  from  $4  billion  a 
war  today  (10%  of  their  total  business)  to  as 
much  as  $40  billion  a  year  (50%  of  the  total 
business)  in  ten  years'  time.  That  growth 
will  precipitate  wide-ranging  regulatory 
change.  In  America  and  elsewhere,  tele- 
phones and  cablertelevisiorr  are  kept  well 
apart.  Videoconferencing,  multimedia  mail 
and  the  like  fit  into  the  gap  between  them. 
Are  telephone  companies  really  to  be  al- 
lowed to  carry  television  for  ibm  and  gm, 
but  not  for  nbc  and  cbs? 

More  puzzling  than  who  does  it,  though, 
is  how  to  pay  for  it.  Today's  pricing  schemes, 
which  concentrate  on  connections  and 
time,  are  ill-fitted  to  data  networks.  Data 
move  about  all  the  time,  but  some  need  to 
be  kept  flowing  more  than  others.  Helmut 
and  Fatima's  video-conference  packets  are 
more  time-sensitive  than  the  e-mail  going 
from  Carol  to  Nguyen.  Should  pricing  be 
based  on  the  number  of  packets,  or  on  the 
number  of  packets  plus  some  measure  of 
speed  and  quality  of  service,  or  on  some- 
thing else? 

Such  commercial  details  may  well  deter- 
mine the  future  of  the  world's  communica- 
tions system.  But  they  are  unlikely  to  cramp 
its  growth  unduly.  One  reason  is  that  the 
technology  already  exists  to  create  wonders. 
These  wonders  are  in  demand,  so  someone 
will  find  a  way  to  make  the  technology  pay. 
Another  is  that  networks  are,  first  and  fore- 
most, flexible.  They  can  adapt  themselves  to 
any  environment,  even  the  worst  that  unco- 
operative companies  and  tardy  regulators 
can  provide.  It  may  take  time,  but  one  day 
the  computers  of  the  world  will  unite. 
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